The electrocaloric properties of (Pb,La)(Zr,Ti)O 3 (PLZT) and BaTiO 3 ceramics were investigated by the indirect estimation and direct measurement of temperature-electric field (T-E) hysteresis loops. The measured T-E loops showed a similar shape to strain-electric field (s-E) loops. The adiabatic temperature change ∆T due to electrocaloric effects was estimated from the polarization change of these samples. ∆Ts of 0.58 and 0.36 K were estimated for the (Pb,La)(Zr,Ti)O 3 (PLZT)(9.1/65/35) ceramics and BaTiO 3 ceramics sintered at 1400°C, respectively. The measured temperature changes ∆Ts in these samples upon the release of the electric field from 30 kV/cm to zero were 0.26 and 0.29 K, respectively.
Introduction
The electrocaloric effect(ECE) is a phenomenon in which a material shows a reversible temperature change under an applied electric field [1, 2] . There has been some problem in the conventional refrigerator. Since the conventional refrigerator operates by using a compressor, vibration generation is inevitable. The conventional refrigerator uses Freon as refrigerants; however, Freon acts implicated in ozone depletion. The other disadvantage includes the difficulty in down-scaling. Thermoelectric cooling using the Peltier device has been considered as a solid state cooling device; however, low efficiency has been a hindrance to the wide applications. In addition, common thermoelectric materials used as semi-conductors include bismuth telluride, lead telluride, silicon germanium, and bismuth-antimony alloys. Some of them are toxic. Although new high-performance materials for thermoelectric cooling are being actively researched, the good results have not been obtained. From the viewpoint of the refrigerator innovation, new refrigerators based on the new mechanism are expected. ECE is considered to be one of the new cooling mechanisms [1, 3, 4] . By using ECE, the application to compact a high energy-effective, inexpensive, and safe refrigerator would be considered, as shown in Fig. 1 . ECE was discovered in 1930 by Kobeko and Kurchakov [5] . The research activities on ECE have been not active until the year 2006. In that year, "giant" temperature change in Pb(Zr,TiO 3 (PZT) thin films were activated at one sweep [6] . Figure 2 shows the relation between the numbers of the published papers and the published year. After 2006, the number of papers on ECE increased rapidly [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The operation principle of the refrigerator using ECE is shown in Fig. 3 . By applying the electric field, the ferroelectrics are heated by ECE. This process corresponds to the compression process in the compressor type refrigerator. By removing the electric field, the directions of the polarization become random. This process is endothermic, corresponds to the expansion process in the compressor type refrigerator, and the object is cooled. The electrocaloric effect (ECE) is a phenomenon in which a material shows a reversible temperature change under an applied electric field. In order to create ECE cooling devices, materials with large ECEs are required. The electrocaloric temperature change ∆T due to applied ∆E is calculated from the following equation [6] :
Here, C and ρ are the specific heat and density, respectively. Based on equation (1), a large (∂P/ ∂T) E (i.e., a large polarization change with temperature under high electric field) is desirable. With respect to achieving large (∂P/∂T) E , relaxor materials have recently attracted attention [1, 3, 4] . For direct measurement of the ∆T, there are some difficulties. Most temperature changes are less than 1K. And heat dissipation from ferroelectric materials through electrode, wire, and/or the supporting jig for field application occurs. Most probably due to these difficulties, the reports on the direct measurement of ∆T are limited thus far [13, 17, 18] . In this study, the electrocaloric temperature change, ∆T, due to applied ∆E, of the PLZT ceramics and BaTiO 3 ceramics is estimated and directly measured. Concerning direct measurement of temperatureelectric field (T-E) hysteresis loops, the reports have been limited. Detailed measurements of various measurements are required to clarify the insights of the ECE [4, 18, 19, 20 ].
Experimental procedure
PLZT(7/65/35) and PLZT(9.1/65/35) ceramics and BaTiO 3 ceramics were used for ECE measurement. PLZT(7/65/35) and PLZT(9.1/65/35) ceramics were sintered from the commercial powders (Hayashi Chemical) as starting materials. BaTiO 3 ceramics were sintered from the commercial powders (Toda Kogyo). The powders were fired at 1225-1275°C for PLZT ceramics at 1300-1400°C for BaTiO 3 ceramics, respectively [20] [21] [22] .
The ceramics were polished and then produced electrodes using a silver paste. And the ceramics were polarized for 20 min in a silicone bath under a DC field of 20 kV/cm at room temperature. The dielectric constant and tanδ were measured at 1 kHz with an oscillating voltage of 1 V. An alternating electric field of 0.1 Hz was used in these measurements. The dielectric constant was measured using an Agilent Technology impedance analyzer, 4192A. In the sintering temperature range between 1225°C and 1275°C, the grain growth was not remarkable for these samples; however, the surface roughening were observed in the ceramics sintered at 1275°C, suggesting the lead evaporation loss from the samples. Figure 5 
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Indirect estimation
The dP/dT between 10°C and 100°C for the PLZT and BaTiO 3 ceramics were calculated using P-E hysteresis loops. Estimated ∆T for from Equation (1) for these ceramics are shown in The direct measurement shows smaller values, compared with the estimation, generally. The reasons are unknown at present; heat dissipation may play a role in real systems. Although quantitative consistency is not obtained, it is safe to say that the materials with large dP/dT provided large temperature change generally. Electrocaloric Properties of (Pb,La)(Zr,Ti)O 3 and BaTiO 3 Ceramics http://dx.doi.org/10.5772/61926
Direct measurement
Conclusion
The electrocaloric properties of (Pb,La)(Zr,Ti)O 3 (PLZT) and BaTiO 3 ceramics were investigated by the indirect estimation and direct measurement of temperature-electric field (T-E) hysteresis loops. The measured T-E loops showed a similar shape to strain-electric field (s-E) loops. This suggests the ECE of these materials are mainly governed by the change of their polarization. The extrinsic contribution from the multi-domain behavior to ECE is limited. The adiabatic temperature change ∆T due to electrocaloric effects was estimated from the polarization change of these samples. ∆Ts of 0.58 and 0.36 K were estimated for the (Pb,La) (Zr,Ti)O 3 (PLZT)(9.1/65/35) ceramics and BaTiO 3 ceramics sintered at 1400°C, respectively. The measured temperature changes, ∆Ts, in these samples upon the release of the electric field from 30 kV/cm to zero were 0.26 and 0.29 K, respectively.
